given what was known about food webs and energy transfer at the time.
At first, scientists hypothesized that the warm water released from the vents was causing a circulation cell to deliver higher concentrations of photosynthetically derived carbon to the benthic communities (Lonsdale, 1977) . A combination of histological, enzymatic, and stable isotope analyses revealed that one of the most unusual organisms, Riftia pachyptila, harbored sulfur-oxidizing chemoautotrophic bacteria as internal symbionts, which provided the bulk of the animal's nutrition (see Childress and Fisher, 1992 , for review). Later, stable isotopes showed that heterotrophic fauna generally do not consume these visually dominant foundation species (Fisher et al., 1994) , which can comprise more than 90% of the community biomass (Govenar et al., 2005) . Instead, the majority of vent-endemic fauna appear to feed on free-living microbes Breea Govenar (bgovenar@ric.edu (Menge and Sutherland, 1987 (Taylor et al., 2001) , the Black Sea (Yilmaz et al., 2006) , and the Baltic Sea (Jost et al., 2008) . Active areas of research at hydrothermal vents are focused on the phylogenetic and physiological diversity of chemoautotrophic bacteria and archaea (e.g., Takai et al., 2006) , the relative importance of different carbonfixation pathways in primary production (e.g., Hugler and Sievert, 2011) , and the variation in diets among consumers. In part, the decrease is likely due to the low efficiency in energy transfer between trophic levels, as observed in other food webs (Pimm, 2002) . In addition, 
FOOd WeB Structure
Hydrothermal vent food webs are generally organized into five groups:
(1) chemosynthetic primary producers and other microbes at the base of Figure 1 . chemosynthetic primary producers are found in the subsurface biosphere as free-living microbes on the surfaces of rocks and animals, as internal and external symbionts of invertebrates, and in the vent effluent (highlighted in white circles). trophic relationships are indicated with pink arrows from food source to consumer. additional energy and biomass enter vent food webs through photosynthetic organics and detritus, chemosynthetic organics and detritus, and abiotic organics. (Taylor and Wirsen, 1997; Huber et al., 2003; Crowell et al., 2008) . Immediately following an eruption, the microbial biomass and sulfur floc is expelled in a "bloom" of productivity (Haymon et al., 1993; Tunnicliffe et al., 1997) .
In response, there is an increase in consumers around the vent openings, presumably to take advantage of the increase in food availability (Tunnicliffe et al., 1997; Shank et al., 1998) . As hydrothermal fluid flux decreases, ecological succession continues with the colonization of foundation species that have internal symbionts; they eventually dominate the biomass, concentrate food sources, and provide additional area for colonization (Tunnicliffe et al., 1997; Shank et al., 1998; Govenar and Fisher, 2007; Marcus et al., 2009) Changes in fluid chemistry can also lead to the decline of foundation species but result in shifts in the composition of chemosynthetic primary producers that maintain the food web structure.
At the East Pacific Rise, the fluid chemistry at a diffuse flow site changed from high sulfide/low iron concentrations to low sulfide/high iron concentrations (Govenar et al., 2004 (Govenar et al., , 2005 , and the population of Riftia pachyptila tubeworms at the site reflected the environmental changes. Most of the remaining tubeworm aggregations were small and recumbent, and the plumes of the individuals were pallid (Govenar et al., 2005) . However, the density and biomass of the epifaunal community were not significantly different from another site that had high sulfide/low iron concentrations (Govenar et al., 2005) . This obser- (Levesque et al., 2003) . Moreover, they switch from feeding primarily on bacteria to diets based more on POM (Levesque et al., 2003) , suggesting that grazing on chemosynthetic primary producers in areas of high fluid flux could limit local productivity and shift consumers to lowerproductivity habitats for lower-quality food sources (Levesque et al., 2005) .
Therefore, in areas of high hydrothermal fluid flux, there may be additional influences from top-down processes on community structure (Micheli et al., 2002; Mullineaux et al., 2003) . 
